Realising air leakage in Australian housing by Luther, Mark
Deakin Research Online 
 
This is the published version:  
 
Luther, Mark 2007, Realising air leakage in Australian housing, BEDP 
environment design guide, vol. November, TEC 24, pp. 1-12. 
 
Available from Deakin Research Online: 
 
http://hdl.handle.net/10536/DRO/DU:30007493 
 
 
Reproduced with the kind permission of the copyright owner. 
 
 
Copyright : 2007, BDP 
B E D P E n v i r o n m E n t D E s i g n  g u i D E November 2007 • TEC 24 • Page 
REALISING AIR LEAKAGE IN AUSTRALIAN 
HOUSING
Mark B Luther
Air tightness of Australian buildings is a great unknown. Despite testing methods being developed and implemented in many advanced 
European and North American countries, this has not happened in Australia.  This paper notes energy efficiency gains that can be 
achieved through tighter construction, and follows on from the investigation into testing methodology and literature discussed in TEC 23: 
Air Leakage in Buildings - Review of International Literature and Standards. Several domestic case studies are used to implement two 
accepted testing methods and aid to build the case for increased awareness of airtight housing in Australia.
Keywords
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dilution method (TGDM)
.0 INTRODUCTION
Despite the increased understanding of the value 
of thermal insulation and the increased thermal 
performance of Australian housing in recent years, 
overseas standards and research recognise that the 
sealing of air leaks in houses (tightening) is the single 
most cost-effective method of achieving direct energy 
savings.  However domestic construction in Australia 
has not yet adequately addressed the issues of air 
tightness in buildings. 
This paper provides a comparison of two different but 
internationally accepted testing methods. Both methods 
are investigated on two residential case studies in the 
Melbourne region, and the results compared.
2.0 THE CASE FOR TESTING IN 
AUSTRALIA
It has been estimated from the results of preliminary 
testing by the Mobile Architecture and Built 
Environment Laboratory (MABEL) that Australian 
buildings are on average, 2-4 times ‘leakier’ than 
European or Northern American buildings.  This 
suggests a tremendous opportunity for energy savings 
in Australia. Airtight buildings will achieve results in all 
climates with reductions in:
• heating energy lost in cooler climates
• ‘cooling’ energy lost in warm climates  
• energy in ‘passive designed’ buildings that rely on 
storing warmth or ‘coolth’
Tighter building envelopes allows for greater reliability 
on the thermal performance of the envelope.  Passive 
designs rely heavily on solar gains and storing ‘coolth’ in 
a non-pressurised building.  Reducing unwanted wind 
driven gains or losses through the building envelope 
is crucial to retaining these gains and thus passive 
performance.
An urgent research question remaining to be answered 
is: How ‘tight’ can an Australian residence be before 
indoor air quality is compromised?
3.0  THE STUDY
This paper is the result of a study that first involved a 
review of existing literature on air leakage testing which 
is covered in the companion paper TEC 23: Air Leakage 
in Buildings - Review of International Literature and 
Standards, then was expanded into the implementation 
and comparison of the two testing methods. 
The Victorian Building Commission supported the testing 
of two Victorian houses by two accepted methods. The 
building research unit Mobile Architecture and Built 
Environment Laboratory (MABEL) conducted the Tracer 
Gas Dilution Method (TGDM) testing to measure air 
change rates. The Fan Pressurisation Method (FPM) 
which is used to measure air leakage was conducted by the 
sealing company: Air Barrier Technologies Pty Ltd.  The 
literature review, the correlating of test results and the final 
report were written by MABEL.
The two different testing methods applied side-by-
side as in this study, reveal a much needed research 
requirement regarding Australian building envelope 
construction performance.  
4.0 AIR LEAKAGE TESTING 
METHODS
Two internationally accepted methods exist for 
determining air infiltration or the ‘leakiness’ of 
buildings, which are detailed below:
4. Fan Pressurisation Method 
In the FPM or blower door testing as it is also known, 
the building is either pressurised or depressurised by large 
fans, with the flow of air into or out of the building being 
measured at prescribed pressures.  The mobile unit used by 
Air Barrier Technologies is able to fit within a standard door 
opening.  The unit is expanded to fully fill the void created 
by the open door, and the edges sealed with tape.  Internal 
openings such as exhaust fans in bathrooms; brick vents and 
fireplace etc are taped closed in order to allow the results to 
indicate air loss in the remainder of the building envelope. 
The fan is then operated to pressurise or depressurise the 
building, and the air loss is gauged for given pressures.  
The advantage of this method is that it is quick and 
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cost-effective to implement.  The pressurisation might 
be established in seconds, and the testing over multiple 
ranges of pressure in a conventional house might only 
take an hour and cost around a few hundred dollars. 
The disadvantage of sealing the apertures mentioned 
above is that these apertures would have a real effect on 
the practical operation of the building.
The readings of the pressure and the volumetric flow of 
air through the ‘blower door’ are recorded by sensors 
hooked up to a computer.
FPM examines the resistance to airflow created by the 
porous structure of the building envelope, yielding a 
mathematical relationship between the air leakage and the 
pressure differential between the internal and external air:
	 Q	=	C	ΔPn
where
 Q   =  air leakage (l/s)
	 C			=		flow	coefficient	(l/s	◦	Pn)
	 ΔP	=		indoor-to-outdoor	pressure	differential	(Pa)
	 n			=		flow	exponent	(dimensionless)
Equation 
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relationship: example  
Results	are	shown	for	the	San	Carlos	Park	Elementary	
School,	in	the	hot	humid	climate	of	Florida,	USA. 
(Source	Ask,	2003)
Figure 1 is a typical example of blower door testing 
air leakage measurements at different pressure levels.  
Typically these graphed charts are used to interpolate 
what the Normalised Leakage (NL) or natural 
infiltration rate would be at a standardised pressure of 
2.5Pa (Ask, 2003).
Air leakage 
(m³/hr/m²	@50Pa)
Building type Best practice Normal
Dwellings	(naturally	ventilated) 3.0 9.0
Dwellings	(mechanically	
ventilated) 3.0 5.0
Table .  CIBSE TM23 UK standard for 
allowable air leakages in buildings
Other fan pressurisation methods exist which focus 
on individual components or compartments of the 
building such as curtain walls, windows, doors etc., 
however these methods are outside the scope of this 
report.
4.1.1	Reflections	upon	the	Fan	
Pressurisation Method
One of the criticisms of the blower door testing is 
that unnatural pressurisation is applied for a space, 
possibly causing excessive leakage.  Supply and exhaust 
air vents are generally sealed before testing, although 
these openings would undoubtedly have some 
contribution to infiltration under natural conditions.  
Hinged dampers or flaps may be drawn shut during 
pressurisation, but pushed open during depressurisation 
of blower door testing and therefore, the results of air 
change rates via the tracer gas dilution methods can 
provide a useful cross-check for normalised leakage 
conditions.
Pressurisation testing can be useful in determining 
the leakage contribution of individual components 
(Liddament, 1996).  The pressure differential is a 
much needed component of blower door testing and 
is illustrated schematically in Figure 2.  The pressure 
difference between the exterior and interior of buildings 
is the driver of air leakage.  The figure shows the 
interior to exterior pressure difference being measured 
as well as the pressure and flow across the orifice 
plate.  The orifice plate is a calibrated template with 
openings to allow the airflow through the contained 
fan.  It determines the air leakage rate through rigorous 
calculations within the instrument software.
4.2	 Tracer	Gas	Dilution	Method		
With the TGDM the concentration of a gas is 
monitored and the amount of fresh air entering a 
building is inferred from the rate of change of the gas 
concentration as the gas is swept from the space.  
In this method a ‘tracer’ gas is emitted in strictly 
measured doses and uniformly distributed throughout 
the building.  The gas is distributed from a central 
point via thin hoses that might be up to 50m long, and 
in the case of a house, would normally be distributed 
among several divergent spaces.  The gases used are 
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Figure	2		Plan	view	of	pressurisation	test	cell	 
(Source:	Proskiw,	G	and	Phillips,	B,	2001)
chosen for the uniqueness, being unlikely to be found 
in construction, furnishings or the environment. The 
gases selected also need to mix with air well, with their 
mixing sometimes assisted by portable fans.  
An automated, centralised unit conducts sampling of 
the air at predetermined intervals within the space, and 
the measurements are stored on a computer.
The MABEL equipment utilises a sampler with 
revolving cylinders, with each cylinder able to test the 
air for minute quantities of various gas concentrations.  
The testing cylinders are able to detect up to 6 specific 
gases including the water vapour, or the air moisture 
content.  Detection of multiple gases is useful if for 
example, a separate tracer gas was distributed in the 
roof space of a building, another within the interior, 
and a distinct third gas in the sub-floor. This can 
inform the observer of the amount of leakage caused 
between an interior and the roof space by recessed 
down lights for example.  Or similarly monitor the 
effect of drafts through floorboards.
After say 15 minutes of tracer gas emission, with testing 
at 2-3 minute intervals the gas would be allowed to 
disperse for 45 minutes before the emission of more 
tracer gas.  It would be from the last few samples 
in each cycle of emissions that the calculation of 
the dilution of the gas (or ‘decay’) would be used to 
establish the air change rate (or leakage) of the building.
Unlike the earlier test, the TGDM does not require 
the taping of apertures, and therefore it could be 
argued, gives a more natural operating condition result, 
indicating real air flows within the building.  TGDM is 
however more expensive to run, and takes several days 
to implement on a typical building.
5.0 COMPARISON OF METHODS
It is evident that the two different testing methods 
applied side-by-side as in this study, fulfil a valuable and 
much needed research requirement regarding Australian 
building envelope construction performance.  
Two houses of similar construction and size were 
selected on adjacent lots in Point Cook, outside of 
Melbourne.  Although the houses were built by the 
same building company, different contractors worked 
on each, thus making the comparison of these houses 
perhaps indicative of variances in building air leakage 
dependant on individual contractor’s skills.
The results of blower door testing provide a single result 
of air leakage at a prescribed pressure difference to the 
outside atmosphere, but most Australian residences do 
not operate under pressurised conditions naturally, nor 
do they often possess mechanical ventilation systems to 
make them capable of such pressurisation differences.
This merits the proposed research testing using 
tracer-gas under natural (non-pressurised) conditions 
in conjunction with the blower door test.  Research 
under natural conditions is of most value to inform 
the improvement required in residential building 
performance simulation computer programs.  Yet it 
is the correlation of blower door results with those 
of natural ventilation conditions which is most 
advantageous to developing a quick future residential 
leakage testing regime. To the author’s knowledge, this 
project is the first time that both tests are to be applied 
simultaneously in Australia. 
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Figure	3.			Section,	plan	and	instrument	locations	in	lot	603
The research team at MABEL believe that through 
the implementation of cost effective air-sealing 
measures supported by residential energy rating 
schemes (such as First Rate or AccuRate) and 
quantifiable blower door verification / validation 
testing, home owners can be scientifically assured of 
an energy efficient home while maintaining healthy 
internal building air quality.  The reduction of air 
infiltration together with other air filtering and 
mechanical equipment (air-to-air energy recovery 
systems) could offer optimal indoor air quality.
6.0	TEST	STUDIES	RESULTS
6.1	 External	Weather	Conditions
External weather was monitored during the test 
period by portable weather stations situated at the 
rear of the house (away from the street) and the 
readings are represented in Figure 5.  Wind speed 
and direction, humidity, air pressure and global 
solar radiation data were collected for the period of 
air leakage testing. 
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Figure	4.		Section,	plan	and	instrument	locations	in	lot	602
6.2	 Blower	Door	Testing	Results
Blower door testing was conducted on the two 
properties by Air Barrier Technologies.  The two floor 
plans and the location of the instrumentation are 
provided below.  Note in the floor plans below that the 
dosing and sampling locations vary for each of the tests, 
the tests were carried out consecutively rather than 
simultaneously, and that the first house, Lot 603 did 
not have any gas testing within the roof cavity.  
The following data is from the testing of both houses.
The upper curve shown on Figure 6 represents Flow 
Pressure in the blower door apparatus.  The Flow 
Pressure graph shows the calibration of the orifice 
plate meter that is used to calculate the flow rate. This 
curve is dependent on the orifice size that has been 
used for the building test.  Different size plates are used 
depending on the volume of the building under testing.
The test data of the second house is graphed in Figure 
6, indicating the depressurisation (Pa) versus the air 
leakage (m³/sec).  These data points provide the air flow 
rate (loss) to pressurisation relationship through the 
formula:
Q	=	37.59	P1.4638 
where	Q	=	flow	rate	(in	m³/s)	and	P	=	the	absolute	
value	of	the	building	pressure	(refer	to	Equation	1).		
Therefore at 2.5 Pa pressure (the target value for 
calculations) this gives a flow rate into the building of 
0.157 m³/s.  This equates to 0.91 ACH at 2.5 Pa (based 
on a building volume of 619 m³).
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Figure	5.			Weather	data	collected	on	site	for	the	two	test	buildings
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6.3	 Tracer	Gas	Study
MABEL conducted a Tracer Gas Dilution Method 
with the B&K Innova equipment.  This equipment can 
monitor the decay of the selected tracer gas, as well as 
other indicators of Indoor Air Quality (IAQ) can be 
simultaneously monitored.
In this study Sulphur Hexafluoride (SF6) was the 
primary tracer, but Carbon Dioxide (CO2) was also 
measured.  This proved beneficial in this study because 
the movement of CO2 from the house into the roof 
space was able to be tracked, which revealed this as a 
major path for leakage from the interior.  In this study 
the CO2 was from air expired by the Victorian Building 
Commission visitors monitoring the test (see Figure 8).
As can be seen in Figure 7, after the initial introduction 
of carbon dioxide via visitors to the building (the rise 
on the left of the graph), the concentration decay takes 
place as seen in the kitchen and master bedroom curves 
0
1
2
3
4
5
Time
AC
H 
 R
oo
f
0.0
0.1
0.2
0.3
0.4
0.5
AC
H
Ho
us
e
Roof on LHS scale
Wind speed
Bathroom on RHS scale
Master bedroom on RHS scale
Kitchen on RHS scale
15:0012:00  21:0018:00 3:0000:00 9:006:00
17/10/2006 18/10/2006
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(noted as point 1).  As carbon dioxide diffuses into 
the roof space, for a period of 8 or 9 hours, the gas 
concentration in the roof space exceeds that of the 
house, until a short wind gust (noted at point 1), 
causes the gas to be flushed out of the roof space 
(noted as point 3).  The gas levels then stabilise at close 
to background levels across the dwelling.  This is an 
indication that a room to roof leakage is significant 
and would suggest corresponding thermal losses/gains 
and a need for further investigation of this type of 
construction.  
Below is the associated ACH data as derived from the 
TGDM (Figure 9).
Figure 9 charts the variable ACH rate for the roof 
space between 0.2 and 3, and the rooms of the house 
vary between 0 and 0.45 ACH, for a wind speed of 
approximately 1 to 4 m/s with one gust at 5 m/s.
For the second building (Figure 9) the wind was much 
more stable.  The ACH for the rooms that were on the 
windward side of the building: the lounge and master 
bedroom had significantly higher air changes than the 
leeward side, being the kitchen and bathroom.  This 
could be due to the influence of wind direction rather 
than construction, and requires further study.
The ACH in this building can be split into two zones 
with a higher rate zone at the front of the house, 
and lower rate zone to the rear.  This highlights the 
variability in pressurisation across the building envelope 
at different orientations of the house.
7.0 CONCLUSION OF TESTING 
An initial aim of this short exploratory test was to see if 
the factor of 20 (as used in the formula by Sherman) is 
valid for Australian construction styles and climates.
ACH50	/	20	=	ACHNL	
Equation 2
Note: 20 is the assumed factor for converting to an 
ACHNL rate.
At the conclusion of testing only two buildings we have 
the information show in Table 2.
Note that the factor for ACH50- ACH2.5 is to be 
compared against the factor 20 claims made by 
Sherman in Equation 2. 
It is obviously difficult to obtain definitive answers 
from such a small data set.  However the objective of 
this study was to compare the two testing methods 
and establish their differences or similarities of results.  
The two houses tested are adjacent to one another 
and were built by the same builder, in the same style 
and with only a change in total room numbers and 
floor space.  The construction was undertaken by two 
separate building teams, and this would seem the 
only explanation to the significant variations in the 
coefficient and exponent for the equation Q = C ΔPn 
(Equation 1) that were evident.
7. Comparison of Both 
Methods
Although the above study does give some indication 
about the two different testing methods for ventilation 
and infiltration the researchers felt that there was not 
a conclusive correlation between the two.  After the 
initial comparison of methods from the Point Cook 
houses, a further refinement of the technique was made 
by the research team to better interface both methods.  
A further house was tested in Hobart, Tasmania, 
where the building was pressurised to specific ‘fixed’ 
pressures for a given length of time while the tracer 
gas performed a significant decay.  The results of this 
experiment proved to be quite reassuring that the two 
methods would yield similar results in air change rates.  
The results are provided in Table 4 below. 
Method
Pressure
4 Pa 8 Pa 20 Pa
FPM 1.32	ACH 2.12 3.94
tgDm 1.25	ACH 1.85 4.4
%	variation 5% 12% 11%
Table	3.		The	resulting	air	change	rates	
of	two	testing	methods	under	a	constant	
pressure
7.2 Energy Savings 
It was suggested by the reviewers of the initial study 
that an example of predicted savings be provided.  Air 
Barrier Technologies Pty Ltd provided the calculations 
here by applying a proprietary code (software developed 
in Canada) and the assumptions for the calculation of a 
year’s savings are as follows:  
• 200 – 230 m² house within a Melbourne climate
• the method applies HDD (heating degree days) 
and CDD (cooling) and humidity
• the fuel source is electricity at  $0.12 kWh
A. For a house with a blower door air change 
rate of 10 at 50 Pa it is calculated that there 
is a $300+ saving after sealing (tightening) 
the house to a reasonable level (5-6 ACH at 
50 Pa).
B. For a house with a blower door air change 
rate of 14 at 50 Pa the saving after sealing 
(tightening) the house to a reasonable level 
(5-6 ACH at 50 Pa) is calculated to be 
around $400.  
Note: the leakier the house the greater the savings!
Test Site ACH at 50 Pa Calculated ACH at 
2.5 Pa
Measured w/ Tracer 
ACH (range)
Factor for ACH50-
ACH2.5
Factor for 
ACH50-ACHTracer Gas
Lot	602 7.17 0.91 0.45	–	0.01 7.88 15.9	-	717
Lot	603 8.39 1.33 1.3	–	0.01 6.31 6.7	-	839
Table	2.	Air	change	rate	estimation
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7.3	 Future	Research	for	
Australia
The present energy house rating programs concern 
themselves only with the building envelope.  This 
energy evaluation is heavily reliant on assumed figures 
of infiltration or air leakage, many of which have been 
sourced from overseas.  Air Barrier Technologies have 
conducted blower door tests on houses built under 
a Victorian 5-Star rating standard and have tested 
examples that rate as high as 20 ACH at 50 Pa, which 
is well short of the recommended 5-6 ACH level.  This 
suggests that there is substantial room for improvement 
within our rating systems and the need for performance 
testing of built projects.
Therefore, based on preliminary findings of the 
project team, of the apparent leakiness of Australian 
buildings, one could strongly argue that the predictive 
tools for energy consumption that are presently being 
used are not representative of the behaviour of actual 
construction methods in Australia.  This could be 
a contributing factor in the current dissatisfaction 
(Williamson, 2007) with the actual versus predicted 
energy costs associated with new 5-Star houses coming 
onto the market.
The specific objectives of future research would be to:
• Conduct combined testing of a significant sample 
of dwellings to inform action by government and 
industry.
• Determine ‘actual’ excessive energy consumption, 
CO2 emissions and associated implications of 
house infiltration/air losses (leakage).
• Determine the indoor air quality (health 
implications) differences of leaky vs. tight 
buildings.
• Improve inputs for the simulation by the home 
energy modelling software, which are the ’software 
engines used in all current home energy rating 
systems in Australia.
• Educate practitioners and industry on the impact 
of leakage on energy performance.
• Promote better construction practices to mitigate 
leakage.
• Mandate / specify these methods (most homes by 
project home market).
• Develop a standard procedure to assure that 
builders’ efforts in achieving air tightness have 
been met and that home owners are obtaining 
value for their money.
Additionally, the outputs of such a study should be 
scientifically suitable for defining the acceptable standard 
(or ‘deemed to satisfy’) construction detailing required by 
the Building Code, in terms of the leakage rate and their 
effect on energy consumption as well as indoor air quality.
.0 CONCLUSION
An urgent research question remaining to be answered 
is: How ‘tight’ can an Australian residence be before 
indoor air quality is compromised?
The report and its findings provide support for further 
work and analysis, applying both testing methods to 
several building types such as residential, commercial, 
industrial, schools, office buildings, etc. The intention 
here is to raise awareness and to outline the information 
needed for developing a knowledge base on Australian 
building envelopes and to provide guidelines for 
improved ventilation performance and a method by 
which the degree of air tightness of a building can be 
tested and verified.  
Information concerning the actual air tightness, 
infiltration and air change rates is probably the least 
known subject matter of building performance in 
Australia.  There is room for improvement in the 
development of a nationwide program in Australia, 
extending from the research of other countries, in 
producing our own database and research on the 
subject.  Researching both the FPM and TGDM 
approaches side-by-side already provides a better 
research study of the air-leakage as well as the 
infiltration air change rates, compared to other research 
programs.  It is therefore highly recommended that 
our building code boards, commissioning and building 
society panels begin to realise the importance of a 
nationwide research project.  It is also important 
to contemplate and define the outcomes of such a 
program.  
The CIBSE TM23 Report concludes with several 
suggestions:
• Air tightness must be considered early in the 
design process and the strategy for achieving it 
developed at the same time if expensive remedial 
work is to be avoided.
• Publish advice on robust details, which should 
include building services penetration details in 
external walls.
• Testing may be considered as soon as possible 
throughout the building process (following 
weather tightness) to avoid costly removal of 
materials and/or required remedial sealing.
A proposed national research program would split the 
research of building air-tightness into climatic zones 
as well as residential or commercial building types.  
Considering that Canada, the USA, and UK have 
benefited greatly from a research program on building 
air-tightness, for many of the reasons provided in 
this report, Australia might do the same.  Australian 
construction would be considered leakier than most 
of the other countries mentioned above and therefore 
could receive an even greater benefit.  The bottom 
line is to gain knowledge to define the infiltration 
quantities required for building simulation programs 
and ventilation assessment in Australia.
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